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INTRODUCTION 
This paper is concerned with the detection and characterization of material loss 
within lap joints. One of the most commonly used nondestructive methods to 
inspect lap joints is the eddy current method [1]. In this technique, the percentage 
of material loss is determined by comparing the signal from the defective joint with 
a reference signal. Ultrasonic tests based on pulse-echo technique can also be used 
to detect thickness reduction in lap joints. However both of these methods require 
that the sensor be directly above the defects, thus making their practical 
implementation extremely time consuming. Improving the efficiency of lap joint 
inspection is one of the most critical tasks currently facing the NDE community. In 
this paper we discuss the feasibility of using an ultrasonic technique based on 
guided waves launched across the lap joint. It is well known that the characteristics 
of guided waves can be used to detect defects in plates [2]. The geometry of the lap 
joint makes it much more difficult to extend the guided wave based method to lap 
joints. There is no closed form solution to the problem of wave propagation across 
lap joints. Due to the change of thickness and the existence of vertical stress free 
boundaries, nonpropagating modes may play an important role inside and near the 
overlapped region. With material loss inside the lap joint, the geometry becomes 
even more complicated. Thus the problem of wave propagation in the lap joint can 
only be solved by numerical and experimental methods. 
In this paper, laboratory tests are carried out on two lap joints constructed from 
thin aluminum strips. The dispersion data for the first antisymmetric or flexural 
mode in a certain frequency range is extracted from the recorded waveform, and is 
used to characterize the defect in the lap joint by comparing the same quantity 
fortwo lap joints: one without material loss and another with material loss. 
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EXPERIMENT 
The lap joints are made from aluminum plates and strips. The overlapping 
portions of the aluminum plates are carefully polished and joined together with a 
thin vacuum grease film. The geometry of the samples, the arrangements of the 
source and receiver transducers and the general experimental setup are sketched in 
Figs. 1 and 2. Pencil-break is used to simulate a broad band source, and two 
transducers of the same type are used to receive transient signals at both sides of 
the overlapping region. In order to facilitate signal processing and to reduce 
measurement errors, these two transducers are placed as far apart from each other 
and from the closest boundary as possible. The transducer near the source is used 
as the triggering receiver. Data acquisition is carried out by means of a Fracture 
Wave Detector (FWD) made by Digital Wave Company. 
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Figure 1. The geometry of the specimen and the arrangement of the source and 
receiver transducers. (a) Without material loss. (b) With material loss. S: source; 
RI: transducer I; RII: transducer II; Underline indicates an alternate transducer 
arrangement. 
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Figure 2. Schematic diagram of the experimental setup. S: pencil-break source. 
T: trigger sensor. RI: transducer I. RII: transducer II. 
The main objective of this study is to compare the differences in the measured 
guided wave group velocity dispersion in the two configurations of the lap joints. 
Since the amplitudes are not of great concern in the experiment, different gains are 
used for different channels. The transient signals from both transducers are 
acquired by the FWD using the signal from transducer I as the triggering signal, 
and analyzed in a PC environment. 
Typical signals recorded by transducers I and II are shown in Fig. 3. Since 
transducer I is close to the source « 5.0 mm ), the arrival times of all the wave 
components are very close. In the frequency range used (100-200 kHz ) in the 
experiment, the travel time from the source to transducer I is a very small fraction 
of the travel time difference of any flexural wave component propagating from I to 
II. Since transducer II is far away from the source, in the transient signal recorded 
by II, the fundamental flexural mode dominates in the frequency range involved 
[3]. 
A cross-correlation technique is used to locate the wave group with a given 
center frequency. The wavelet used in cross-correlation with the original signal is 
the cosine wave modulated by a Gaussian envelope. The same form has been used 
by Gorman [4]. The waveforms after cross-correlation are shown in Fig. 4. Each 
waveform in Fig. 4 has multiple wave groups because of reflection form the 
boundaries. 
The arrival time of a wave group with a given center frequency at each 
receiver position is determined by the position of the maximum amplitude of the 
envelope at the center of the wave group. Since the flexural waves are highly 
dispersive at low frequency, the wave forms are no longer symmetric after cross-
correlation. Therefore the "center" is assumed to be the region around the largest 
amplitude where the wave envelope can be approximately considered to be locally 
symmetric. 
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Figure 3. Waveform before cross-correlation. (a) for transducer I. (b) for 
transducer II. 
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Figure 4. Waveform after cross-correlation. (a) for transducer I. (b) for transducer 
II. 
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Care must be taken to locate the wave group in the waveform after cross-
correlation. Due to the reflection from the boundary of the specimen, the change in 
waveform must be monitored with change of center frequency to locate the direct 
wave group. At transducer I, located close to the source, the fundamental flexural 
mode may not be the dominant component in the waveform. However in the 
frequency range used (100 - 200 kHz), the measured arrival time at receiver I can 
still be considered to be that of the first flexural mode without causing significant 
error. The assumption of the dominance of the first flexural mode is generally valid 
at low frequencies, i.e., for wave components with large wavelengths compared to 
the thickness of the plate. Therefore the measurements are only valid in the low 
frequency range. After calibration with the function generator, the frequency 100-
200 kHz is chosen to make the low frequency assumption to be valid. At higher 
frequencies there will be more than one propagating modes away from the 
overlapped region, resulting in more than one wave group with the same frequency 
but different group velocities. It is difficult to identify multiple wave groups without 
additional tests. In the experiment, reflection and mode conversion due to 
overlapping parts is found to be small compared to the incident mode, and the 
appearance of small amplitude waves (resulting from change of thickness and 
stress free boundaries ) does not have significant effect on the dominant wave 
group. After the corresponding wave group recorded by transducers I and II are 
identified, the measured time difference between them is the travel time of the 
wave group with the given center frequency. The group velocity at this frequency is 
obtained from the knowledge of the distance between the two transducers. 
RESULT AND DISCUSSION 
The measured group velocity dispersion curves for three different transducer 
configurations are shown in Fig. 5. It is clear that the differences in the group 
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Figure 5. Group velocity of the first antisymmetric mode measured for two lap 
joint configurations. 0 is for lap joint without material loss. A is for lap joint with 
material loss with source and receiver on the top, 0 is for source and receiver at 
bottom. 
2063 
2.0 
U' 
ill 
e 
.!I 
~ 
S 1.5 ~ 
u 
.2 
~ 
> 
Co 
~ 
e 
Cl 
1.0 
100 125 150 175 200 225 
Frequency (kHz) 
Figure 6. Theoretical group velocity calculated ignoring mode conversion and 
diffraction at the step. 0 is for lap joint without material loss. 0 is for lap joint with 
material loss. 
velocities within the lap joints with and without material loss are large enough to 
distinguish between the two configurations from the dispersion data. Thus this 
method can, in principle, be used in the nondestructive evaluation of material loss 
inside the lap joint. Shown in Fig. 6 is the calculated group velocity by adding the 
times of flight of the first flexural mode in the three segments of the specimen 
between the two transducers. It is obvious that the calculated values are 
significantly different from the measured values. This implies that mode conversion 
in the overlapping region and phase shifts at the edges of the lap joint need to be 
taken into account in the theoretical calculations. 
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